Background The purpose of this study was to determine the incidence of premature luteinization in patients with polycystic ovary syndrome and compared the main determinants of success in in-vitro fertilization in PCOS patients with and without premature luteinization. Methods Retrospective analysis of 180 PCOS women of Chinese Han origin with infertility who underwent controlled ovarian hyperstimulation (COH) with an exogenous gonadotropin/GnRH antagonist protocol. Hormone levels on the hCG day and IVF outcomes were assessed. Results The incidence of premature luteinization was 23.3 %. Compared with PCOS patients without premature luteinization, PCOS patients with premature luteinization (PL) had a higher number of oocytes retrieved (18.20±6.6 vs 15.08±7.3, p00.037) and a higher fertilization rate (72.9± 1.9 vs63.1±2.3, p00.033), but clinical pregnancy rates were no statistical significance (53.3 vs 56.0, p00.836). Though the implantation rate was higher in no premature luteinization patients, but the difference was not statistically significant (37.7 vs 30.3, p00.115). Conclusion The PCOS patients with premature luteinization had a higher fertilization rate and high number of oocytes retrieved, and the similar implantation rate and clinical PRs as PCOS patients without premature luteinization.
Background
Polycystic ovary syndrome (PCOS, OMIM 184700) is an endocrine disorder that affects reproductive aged women and is characterized by clinical and/or biochemical hyperandrogenism, oligomenorrhea/amenorrhea and polycystic ovaries on ultrasonography [1] . PCOS patients who fail to conceive can be treated with clomiphene citrate followed by gonadotropins. In vitro fertilization (IVF) and embryo transfer provide an additional line of treatment for PCOS patients with recombinant human FSH (rFSH) alone or in combination with gonadotrophin-releasing hormone agonist (GnRHa).
GnRH antagonists were introduced into clinical practice to prevent premature luteinization in controlled ovarian hyperstimulation(COH) protocols [2] [3] [4] . Despite pituitary down-regulation, premature luteinization is a frequent event in COH cycles [5] . The possible effect of increased progesterone (P) levels secondary to GnRH antagonism on IVF outcomes is controversial in general people for several years. One study indicated that premature luteinization did not appear to have a negative impact on ongoing pregnancy rate (PR) in an oocyte donation program [6] . However, a lower implantation rate and PR were observed in patients with high P levels, with a 38.3 % incidence of premature luteinization when P levels were 1.2 ng/ml in patients (excluding PCOS patients) [3] . Additional studies have reported similar results [7] , whereas others have reported increased PR associated with premature luteinization and elevated serum P concentration in an oocyte donation program [8] . A number of similar studies have produced either negative or controversial results regarding the role of P and premature luteinization on IVF outcomes.
But, the incidence of premature luteinization has been rarely evaluated in PCOS patients. Previous studies have not adequately characterized the IVF outcomes of PCOS patients undergoing COH with and without premature luteinization.
Furthermore, most previous reports did not discriminate between short and long COH protocols, which is important, as the short regimen more frequently leads to premature luteinization [9] . The majority of data on premature luteinization and IVF outcomes have been collected from groups of patients that may or may not have excluded PCOS patients and therefore cannot be extrapolated to patients with PCOS undergoing COH.
In the present study, we performed a retrospective analysis of a large number of PCOS patients who underwent a GnRHa long COH protocol for IVF. We determined the incidence of premature luteinization and compared clinical outcomes with and without premature luteinization.
Methods and materials

Patients
A total of 180 patients with PCOS participating in an IVF program from June 2008 until February 2010 at the Reproductive & Genetic Hospital of CITIC-XIANGYA were included in this retrospective study. PCOS patients were referred to our department for IVF because of menstrual disturbance or biochemical signs of hyperandrogenism, and all PCOS patients had polycystic ovaries upon ultrasound scan. All subjects enrolled in this study were from unrelated families. Some patients had been investigated by hysterosalpingography and laparoscopy. All patients could enter the study only once. The fecundities of all male partners were normal according to World Health Organization criteria [10] .
The diagnosis of PCOS was based on the 2003 American Society for Reproductive Medicine/European Society for Human Reproduction and Embryology (ASRM/ESHRE) joint consensus criteria, which state that PCOS is diagnosed on the basis of having two out of three criteria: oligo-or anovulation, signs of clinical and/or biochemical hyperandrogenism and polycystic ovaries on ultrasonography after exclusion of specific identifiable disorders (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing's syndrome, thyroid dysfunction, hyperprolactinemia) [11] . Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m 2 ).
Controlled ovarian hyperstimulation
In PCOS patients, GnRHa was administered 3 weeks after a progestin-induced withdrawal bleed or spontaneous menstruation. On the 21st day of the cycle, patients received Decapeptyl® (0.5 mg/day; Ferring, Kiel, Germany), the initial dose was 0.5 mg/day. COH began on cycle day 4 with rFSH (Gonal-f®; Serono, Geneva, Switzerland), and dose adjustments were based on the individual dose response. When at least two follicles were ≥18 mm in diameter, 10,000 IU of hCG was administered. Treatment was monitored with serial blood samples to assess serum estradiol (E2), luteinizing hormone (LH) and P levels. Follicle development was evaluated by ultrasound. Oocyte retrieval was scheduled 34-36 h after hCG administration by vaginal ultrasound. On the third day after insemination, the morphology of each embryo was measured for number of cells, extent of fragmentation and blastomere symmetry. Goodquality embryos were defined as containing ≥6 equal-sized blastomeres with <20 % fragmentation. According to our routine procedure, two or three embryos were transferred on day 3 after oocyte retrieval. In the luteal phase, all patients received muscular administration of 60 mg natural P supplementation, starting from the day of oocyte retrieval until pregnancy testing 11 days after embryo transfer. Clinical regnancy was defined as the presence of gestational sacs detectable by ultrasound.
Blood samples and hormone measurements
Hormonal assessment of each patient during COH monitoring was performed on day 4 of stimulation and on the day of hCG administration (hCG day). Blood samples were obtained from each patient. Serum E2, LH and P concentrations were measured with the Abbott Ax System (Abbott Diagnostics, Abbott Park, IL). Baseline levels of FSH, LH, total T and E2 were measured with the Abbott Ax System (Abbott Diagnostics) in blood samples obtained from PCOS patients during a period of amenorrhea and from ovulatory women between cycle days 2-4 of the menstrual cycle preceding IVF. Premature luteinization has been defined as the presence of elevated serum P concentrations on the day of hCG administration, but the definition varies across studies. In the present study, a P level of 1.2 ng/mL was used as the discriminatory value for premature luteinization by the reference [3] .
Statistical analysis
The patients data were reported as means±SD. The serum hormone levels and fertilization rates were analyzed using Student's t test, and the χ2 test was used for comparisons of the clinical pregnancy rates and implantation rates. In all tests, p<0.05 was considered statistically significant by twotailed analysis. Statistical analysis was done with the Statistical Package for Social Sciences for Windows, version 11.0 (SPSS, Chicago, IL).
Results
According to the reference [3] , PCOS patients were divided into two patient groups with or without premature luteinization according to P concentration on the day of hCG administration: P<1.2 ng/mL (without premature luteinization) and P≥1.2 ng/mL (with premature luteinization; Table 1 ). Of the 180 PCOS patients who underwent COH only once each, 42 patients developed premature luteinization based on hCG day P levels ≥1.2 ng/mL and the incidence of premature luteinization was 23.3 %. A retrospective analysis of 180 PCOS patients undergoing COH for IVF suggested that there were no significant differences in age, BMI, length of infertility (years) and induced length (days) between the two patient groups (p0 0.410, p00.856, p00.767, p00.797, respectively) ( Table 1) . No statistically significant difference was also observed in rFSH administered between the two patient groups (p0 0.573). Baseline FSH, LH, E2 and T were also not different in the PCOS patients without premature luteinization compared with in the patients with premature luteinization (Table 1) . The peak LH level was similar in both patients groups on hCG day. Whereas, the peak E2 levels of patients without premature luteinization was lower compared with that of patients with premature luteinization (2316.3±821.5 vs. 2618.8±892.6) (p00.026) and the peak P level was also significantly lower (0.74±0.2 vs. 1.42±0.3) (p<0.001) on hCG day (Table 1) . Statistically significant differences were observed in PCOS patients with or without premature luteinization with regard to the number of retrieved oocytes and fertilization rates ( Table 2 ). More oocytes (18.20±6.6) were retrieved from PCOS patients with premature luteinization, who also had higher E2 and P levels on hCG day, compared with PCOS patients without premature luteinization (15.08±7.3, p00.037). A higher fertilization rate (72.9±1.9 %) of retrieved oocytes was observed in PCOS patients with premature luteinization compared with those without premature luteinization (63.1±2.3 %) (p00.033). However, the number of good-quality embryos on day 3 after egg retrieval and good-quality embryo rate were similar between the two groups ( Table 2 ). The patients without premature luteinization had a higher implantation rate and clinical PR compared with the patient with premature luteinization, but the difference was not statistically significant. In the patients with premature luteinization, mean number of embryos transferred was subtle difference compared with in the patients without premature luteinization, but no statistical significance was observed (p0 0.836 and p00.643, respectively; Table 2 ).
Discussion
Polycystic ovary syndrome (PCOS) is a common clinical disorder affecting 5 %-10 % of young women [12] . The disorder is associated with hirsutism, obesity and multiple cysts in the ovaries [13] . In a significant proportion of PCOS patients, insulin resistance (IR) is a common phenotype predisposing patients to type 2 diabetes and atherosclerosis [1, [14] [15] [16] [17] [18] [19] . The etiology of PCOS remains poorly understood, however, progesterone is believed to play some role in the responsiveness of these patients to COH.
Despite the role of down-regulation of the pituitarygonadal axis in IVF protocols, several researchers have described a phenomenon of premature luteinization in COH cycles [20] . There may have been a number of problems in interpreting the results of previous studies due to varying diagnostic criteria for premature luteinization, use of different ovarian stimulation methods [21] and differences in initial rFSH dose during ovarian stimulation [22] . High P levels have been shown to adversely affect embryo quality and pregnancy rates in IVF and oocyte donation programs [23] . In one study, premature luteinization during COH had no adverse effect on oocyte and embryo quality [24] , while others have reported that premature luteinization during GnRH antagonist IVF-embryo transfer cycles was frequently observed and associated with lower pregnancy and implantation rates [3] . In the present study, in the only PCOS patients with excluding no PCOS patients, a serum P level of ≥1.2 ng/ mL on the day of hCG was defined as the break point for premature luteinization. Patients underwent a GnRHa downregulation long COH protocol for IVF. Adjustments of the dose of rFSH were based on the individual dose response, which excluded a number of problems in interpreting our results in favour of our study. Previous studies were based on the general groups who were not strictly distinguishing patients with and without PCOS. Therefore, premature luteinization in PCOS patients and the impact on IVF outcomes has rarely been studied. In this study, we measured the incidence of premature luteinization and its possible effect on IVF outcomes in a large population of PCOS patients. The incidence of premature luteinization ranges from 2 % to 40 % in IVF general patients [4, [25] [26] [27] . Bosch et al. reported frequent premature luteinization and diminished PR with the introduction of a GnRH antagonist to their COH protocol for IVF in patients [3] . The incidence of premature luteinization was 38.3 % in patients and premature luteinization was associated with lower pregnancy and implantation rates [3] . Bosch's study excluded PCOS patients. The incidence of premature luteinization was 23.3 % in PCOS patients in our report, which was similar to that of general patients. Although patients with premature luteinization (P≥1.2 ng/mL on the day of hCG administration) had statistically significantly higher E2 and P levels on the hCG day and statistically significantly higher numbers of oocytes retrieved, they had a similar number of day 3 good-quality embryos and good-quality embryo rates as patients without premature luteinization when using the GnRH antagonist long COH protocol. Moreover, we found that despite an increased number of oocytes retrieved from PCOS patients with premature luteinization compared with PCOS patients without premature luteinization, the differences in PR, implantation rates and number of embryos transferred were not statistically significant. However, a significantly higher fertilization rate was observed in PCOS patients with premature luteinization. These results suggested that premature luteinization in PCOS patients does not have a statistically significant adverse effect on implantation rate and PR, but premature luteinizing may be beneficial increase in the number of oocytes. In fact, the heterogeneous nature of PCOS patients was very important to evaluate the premature luteinization level and IVF outcome. PCOS consists of a heterogeneous set of signs and symptoms with a spectrum of mild to severe disturbances in reproductive endocrine and metabolic functions in women. The abnormalities include hyperandrogenism, insulin resistance, abnormal LH-to-FSH ratios, and an abnormal follicular hormone environment and obesity. So, a larger prospective study is needed to confirm these results by the heterogeneous nature of PCOS patients.
In conclusion, our study showed that the premature luteinization incidence was 23.3 % in PCOS patients, which was similar to that of general patients. Furthermore, the study suggests that premature luteinization PCOS patients undergoing IVF may not reflect the discriminatory value compared with nonpremature luteinization PCOS patient. But, the differences in our findings compared with previous reports may be due to variations in patient group, induction protocol, individual genetic background, lifestyle and other factors. Despite the differences, our results suggest that premature luteinization-defined by P concentration ≥1.2 ng/mL on the day of hCG administration-was not an obstacle to successful IVF outcomes in PCOS patients undergoing COH. 
